ABSTRACT. Lipid contents and the composition of fatty acids of fillets from Chilean salmon (Salmo salar) were determined under different conservation methods: fresh salmon, frozen salmon, waterconserved canned salmon and frozen salmon in long-term storage. Fatty acid contents were determined by gas chromatography. The fillets had high lipid levels, ranging between 9.71 and 12.86%. All samples presented high levels of monounsaturated fatty acids, between 363.69 and 425.30 mg g 
Introduction
World fish consumption has reached a record number of 18.6 kg per capita/year. Since 1980 world aquaculture has grown at an annual average rate of 8.8% and currently provides about 47% of consumed fish worldwide so that global demand for fishing products could be met (Food and Agriculture Organization of the United Nations [FAO], 2012) .
The Atlantic salmon (Salmo salar) is rich in vitamin A and various B complex vitamins, coupled to several minerals, such as calcium, copper, iron, phosphorus, magnesium, manganese, selenium and zinc (Araujo, 2004) . In addition, fish species with high fat levels are rich sources of eicosapentaenoic acid and docosahexaenoic acid since these nutrients are passed on from diatoms and flagellates, at the base of the food chain, to zooplankton and finally to fish (Tocher, 2003) . Therefore, oil fish is considered a healthy choice in human diet, since fatty acids have beneficial effects on cardiovascular health; they are a safeguard against chronic inflammatory diseases such as arthritis, psoriasis and asthma; they reduce the occurrence of several types of cancer; and improve the visual function (Calder & Yagoob, 2009 , Lecerf, 2009 , Milte, Sinn, & Howe, 2009 .
Although fish consumption has increased, consumers do not have enough information on whether there are differences among the possible ways of obtaining omega-3 fatty acids, and on the best manner in obtaining them. Current study evaluated fatty acid composition, mainly omega-3, from samples of Chilean salmon fillets stored in different manners (fresh, frozen, canned) obtained on the local market in Maringá, State Paraná, Brazil. 
Material and methods
Four samples of Chilean salmon fillets were obtained from different local markets in Maringá PR Brazil, in July 2014. Samples from two distinct batches were fresh salmon (FrS), frozen salmon (FS), water-conserved canned salmon (WS) and frozen salmon in long-term storage (FSS), within the limits of their expiring date, albeit with altered color characteristics.
Preparation of the samples
Skin-less fillets were ground one by one in a food multiprocessor, at room temperature, and stored in vacuum-packed polythene bags at -18°C for further analysis. Analyses were carried out in triplicate. The level of total lipids was gravimetrically measured after extraction by the Bligh and Dyer (1959) method.
Chromatographic analysis of fatty acids methyl esters
Fatty acids methylation was carried out following method by Santos Júnior et al. (2014) . Fatty acids methyl esters were separated in a thermo-gas chromatograph, trace ultra 3300 model, fitted with a flame ionization detector and a fused-silica capillary column CP-7420 (Select Fame, 100 m long, 0.25 mm internal diameter and 0.25 μm of cyanopropyl/polysiloxane). The flow of H 2 (carrier gas) was 1.2 mL min (Martin, Oliveira, Visentainer, Matsushita, & Souza, 2008) . Corresponding retention times of the analytes and peak areas were obtained through integration by Software Chromquest 5.0. Fatty acids were identified by comparing their retention times with Sigma (USA) composition patterns.
Methyl esters absolute quantification of fatty acids was carried out by internal standardization, adopting pattern by Sigma (USA) methyl ester of tricosanoic acid (23:0), as described by Joseph and Ackman (1992) . Theoretical correction factors for flame ionization detector (FID) (Visentainer, 2012) calculated fatty acid concentration on samples in mg g ( 1) where: FA is the concentration of fatty acids in mg per g of total lipids; A X is the peak area (fatty acids); A IS is the peak area of internal pattern methyl ester of tricosanoic acid (23:0); W IS is the mass of the internal pattern (in mg) added to the sample; W X is the sample mass (in mg); CF X is the theoretical correction factor; CF AE is the conversion factor needed to express the results in mg of fatty acids instead of methyl esters.
Statistical analysis
Results were submitted to analysis of variance (ANOVA) at 5% significance level. The measured rates of lipid levels and fatty acids of samples were compared by Tukey's test. Results are given as average ± standard deviation of triplicate. Rates with different letters in the same row indicate significant differences (p < 0.05) according to Tukey's test. FrS: fresh salmon; WS: water-conserved canned salmon; FSS: frozen salmon in long-term storage; FS: frozen salmon.
Results and discussion
A significant difference (p < 0.05) was reported in total lipid content, or rather, FrS and FS had higher rates than WS and FSS, with FrS and FS as the samples with the highest level (12.86 and 12.36%, respectively). Consequently, based on the above results, salmon may be classified as a high fatty fish according to the classification by Ackman (1989) , with lipid level above 8%.
Measuring total lipid level presents a difficult comparison in studies since differences of this level may be caused by diet, reproductive cycle, capturing site and season (Moreira, Visentainer, Souza, & Matsushita, 2001 , Erkan & Ozden, 2007 . Further, the method employed for lipid extraction may affect the quantity of total extracted lipids. Lipid percentage in current assay was close to rates by Salán, Galvão, and Oetterer (2006) Table 2 shows the composition of fatty acids analyzed in samples of Chilean salmon where 22 fatty acids were found in total lipids. Some differences may be observed among the samples.
Results are given as average ± standard deviation of triplicate. Rates with different letters in the same row indicate significant differences (p < 0.05) according to Tukey's test. FrS: fresh salmon; WS: water-conserved canned salmon; FSS: frozen salmon in long-term storage; FS: frozen salmon; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; ∑SFA: total saturated fatty acid; ∑MUFA: total monounsaturated fatty acid; ∑PUFA: total polyunsaturated fatty acid; n-6: total omega-6 fatty acid; n-3: total omega-3 fatty acid; n-6/ n-3: omega-6/ omega-3 ratio. (EFSA, 2010) , the recommendation of 250 mg of EPA+DHA per day in 100 g of fish corresponds to daily intake of these fatty acids. There was no significant difference among the samples with regard to n-6/n-3 ratio (between 1.14 and 1.35). Results were similar to those related by Friesen, Higgs, and Devlin (2015) for farm-raised salmon, whereas these values varied between 0.05 and 0.12 for wild salmon. This is due to the fact that rations for fish diets increased their dependence on alternatives, such as plants and animals as replacements of fish meal and sea fish oil (Tacon, 2005 , Friesen, Ikonomou, Higgs, Ang, & Dubetz, 2008 . Although vegetable oils are high in polyunsaturated fatty acids, they do not contain high quantities of EPA and DHA. These oils often contain higher levels of omega-6 fatty acids. Animal fats may often be high in saturated fatty acids, although they are good sources of monounsaturated fatty acids, albeit very poor sources of EPA and DHA (Ikonomou et al., 2007 , Friesen et al., 2008 , Strobel, Jahreis, & Kuhnt, 2012 .
Moreover, the n-6/n-3 ratio is used to analyze the nutritional rate of oils and fats, and is recommended by the Department of Health and Social Security (1994) at rates below 4.0. According to Simopoulos (2008) , a lower ratio of n-6/n-3 fatty acids is desirable to reduce the risk of many chronic diseases. A ratio of 4/1 was associated with secondary prevention of cardiovascular diseases, with a 70% decrease in total mortality. A ratio of 2.5/1 reduced rectal cell proliferation in patients with colorectal cancer. A ratio of 2-3/1 suppressed inflammation in patients with rheumatoid arthritis, whilst a 5/1 ratio had beneficial effects on patients with asthma. Therefore, results in current study are within the recommended patterns.
Conclusion
Current analysis showed no significant difference in the composition of fatty acids, particularly omega-3, among the different conservation manners available on the local market of raw salmon (fresh/chilled, frozen or canned). All samples were great sources of EPA and DHA, omega-3 family fatty acids. Results suggest that the analyzed samples would be farm-raised due to a reduction in omega-3 fatty acids and an increase in omega-6 fatty acids.
